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RAM-INCORPORATED DRIVER, AND

DISPFLAY UNIT AND ELECTRONIC EQUIPMENT USING THE SAME

Japanese Patent Application No.11-338146, filed November
29, 1999, is hereby incorporated by reference in its entirety.
Japanese Patent Application No.2000-211080, filed July 12.
2000, is hereby incorporated by reference in its entirety.
International Application No.PCT/JP0O0/08397, filed November

295, 2000, is hereby incorporated by reference in its entirety.

Technical Field

The present invention relates to a RAM-incorporated
driver that drives the display of still and moving images on
one screen, together with a display unit and electronic

equipment that uses the same.

Background

Recent advances in communications and rackaging
technologies have made it possible to display various types
of highly informative data on a display section of a portable
item of electronic equipment. including not only c¢haracter
text consisting of numerics and characters, but also still
and moving images.

There have been various proposals for the format for
data displayed by such electronic equipment. Taking a mobile
telephone as an example, a technique has been proposed for

receiving or transmitting image data that has been compressed
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and encoded in accordance with the Moving Picture Experts
Group (MPEG) standard.

In such a case, received moving images are displayed on
a moving-image display area 22A of a liquid crystal panel 22,
as shown by way of example in Pig. 3. Still images giving
explanatory or operating information relating to those moving
images are displayed on a still-image display area 22B of the
ligquid ¢rystal panel 22, by way of example.

To display a moving image in the moving-image display
area 222, it is necessary to rewrite moving-image data in a .
moving-image storage area corresponding to the moving-image
display area 22A, which is part of the storage area of a RAM
within the 1liquid cxystal driver, pericdically and also
substantially in real-time.

The still images displayed in the still-image display
area 22B change 1in accordance wirth factors such as the
operation of the keys of the mobile telephone, making it
necessary to rewrite still-image data in a still-image-
storage area corresponding to the still-image display area
22B, within the storage area in a RAM.

However. the rewriting of still-image data in the still-
image storage area of the RAM periodically uses the bus line
over which the moving-image data is being transferred, so it
is only possible teo use the gap between the transfer of one
screen of moving-image data and the transfer of the next

screen of moving-image data therefor.




In this manner, the transfer of still-image data within
the limited times between screens of moving-image data
restricts the operating time in which the MPU can supply
moving-image data and still-image data to the display unit,

5 which increases the time-related restrictions on the

operation of the MPU for controlling circuits other than

those of the display unit.

Summary

An objective of the present invention is to provide a

RAM- incorporated driver together with display unit and

electronic equipment using the same which make it possible to
rTewrite still-image data irrespective of the timing at which

moving-image data is rewritten in a RAM.

A RAM-incorporated driver in accordance with an aspect

of the present invention drives a display section, based on

still-image data and moving-image data.

This RAM-incorporated driver comprises: first and second

bus 1lines for transferring the still-image data and the

moving-image data, respectively; a RAM- whi¢h stores the

still-image data and the moving-image data transferred
through the first and second bus lines; a first control

circuit which controls writing or reading with respect to the

RAM of the still-image data or the moving-image data that has
been transferred separately over the corresponding first or
second bus 1line. based on a given command; and a second i

control <c¢ircuit that 3is independent of the first control I
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circuit, which controls the reading of the still-image data
or the moving-image data stored in the RAM. and driving the
display section.

In accordance with this aspect of the present invention,
still images and moving images are transferred by separate
systems over the first and second bus 1lines. In addition.
control over the writing of still-image data or moving-image
data to a RAM and control over the reading of display data
Erom a RAM for driving the display section to display are

each done independently.

It is therefore possible to rewrite still-image data in
a RAM while simultaneously rewriting moving-image data,
making it unnecessary to wait until the end of the writing of
moving-image data before still-image data can be written.
Moreovex, it is possible to drive the display of display data
independently of this centrol of the writing of still-image
data and moving-image data.

In a RAM-incorporated driver in accordance with this
aspect of the present invention, the RAM may comprise a first
poert in which the writing of the still-image data is executed
via the first bus line, a second port in which the writing of
the moving-image data 1is executed via the second bus line,
and a memory cell having a third port for reading out the
display data.

In this manner., it becomes possible to specify moving-
image data and still-image data with respect to a three-port

memory cell by separate systems, and alsc read accumulated
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display data with yet another system. This makes it possible
to write moving-image date and still-image data to a RAM and
access display data with an extremely simple process, without
being restricted by the necessity of contreolling the reading.

A RAM-incorporated driver in accordance with another
aspect of the present invention drives a display section.
based on a command from an exXternal MPU and still-image data
and moving-image data, and the RaM-incorporated driver
comprises: a first bus line which transfers the still-image
data from the external MPU: a second bus line which transfers
the moving-image data from the external MPU; &a RAM which
stores the still-image data and the moving-image data; a
First column address control circuit which specifies a column
address in the RAM for writing the still-image data: a second
column address control circuit which specifies a column
address in the RAM for writing the moving-image data:; a first
page address control c¢ircuit which specifies a page address
in the RAM for writing the still-image data; a second page
address control circuit which specifies a page address in the
RAM for writing the moving-image data: an MPU-related control
circuit which controls the first and second column address
control circuits and the £first and second page address
control circuits, based on the command from the external MPU;
a display address control circuit which contrels reading of
the still-image data and the moving-image data stored in the

RAM, as display data; and a driver-related control ¢circuit
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which controls the display address control circuit
independently of the MPU-related control circuit.

In accordance with this aspect of the present invention,
still-image and moving-image data is transferred by first and
second bus lines using separate systems. Column and page
addresses for writing data to a RAM are specified by separate
still-image and moving-image systems.

It is therefore possible to rewrite still-image data in
a RAM while simultaneously rewriting moving-image data,
making it unnecessary to wait until the end of the writing of
moving-image data before still-image data can be written.

A RAM-incorporated driver in accordance with this aspect
of the present invention may comprise: a first pair of bit
lines connected to a memory cell of the RAM; a second pair of
bit lines connected to a memory cell of the RAM; a first
¢column switch controlled by the first column address control
circuit and connecting the first pair of bit lines with the
first bus 1line; a second ceolumn switch controlled by the
second column address contrxol circuit and connecting the
second pair of bit lines with the second bus line: a firstc
word 1line which transfers a signal £from the first page
address control circuit to a control terminal of a first
switch provided between a memory element within the memory
cell and the first pair of bit lines; and a second word line
which transfers a signal from the second page address control
circuit to a control terminal of a second switch provided

between the memory element and the second pair of bit lines.
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This forms a dual-port configuration in which there are
different ports for still images and moving images. In other
words, it is possible to write still-image data through the
first bit line pair to a memory cell specified by the first
column address control circuit and the first page address
control circuit. Similarly. it is possible to write moving-
image data through the second bit 1line pair to the memory
cell specified by the second column address control circuit
and the second page address control circuit. It is thus
possible to write still-image data and moving-image data to
any desired cells, without increasing the storage area in a
RAM.

In the RAM-incorporated driver in accordance with cthis
aspect of the present invention the RAM may have a first RaM
which stores the still-image data that has been transferred
via the first bus 1line and a second RAM which stores the
moving-image data that has been transferred via the second
bus line. In such a case, the display address control cirxcuit
may comprise a first display address control c¢ircuit which
controls the reading of still-image data from the first RAM
as display data and a second display address control c¢ircuit
which controls the reading of moving-image from the second
RAM as display data. In addition, in the first RAM. write
addresses may be controlled by the first column address
control circuit and the first page address c¢ontrel circuit,

and, in the second RAM, write addresses may be controlled by
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the second column address control circuit and the second page
address contrel circuit.

In this manner, the storage area is expanded to include
a first RAM for still-image data and a second RAM for moving-
image data. but it is possible to rewrite still-image data
into the first RAM while simultaneously rewriting moving-
image data into the second RAM,

In this aspect of the present invention, the first
column address contrel circuit may specify a read column
address in the RAM, based on a signal from the MPU-related
contrrol circuit, and the first page address control <¢ircuit
may specify a read page address in the RAM, based on a signal
from the MPU-related control circuit.

This configuration makes it possible to take data chat
has been written to a RAM and then read it towards the
external MPU., For example, it is possible for the MPU to
perform a read/modify/write process whereby data written to a
RAM is read, inverted, then written back to a RAM.

A display unit in accordance with further aspect of the
present invention comprises: a panel having an electro-
optical element driven by a plurality of first electrodes and
a plurality of second electrodes; the RAM-incorporated driver.
as defined by claim 1, which drives the plurality of first
electrocdes; and a scanning driver which scans and drives the

plurality of second electrodes.




This display unit makes it possible to implement a mixed

display of still and moving images, while reducing the 1iocad
on the external MPU.

Electronic egquipment in accordance with still further

aspect of the present invention comprises: the display unit

in accordance with the further aspect of the present

invention; and an MPU for supplying the commands, the still-

image data, and the moving-image data to the display unit.

Since this electronic equipment and this display unictc

reduce the load on the MPU during the mixed display of still

images and moving images, it 1is possible to 4increase the

operating efficiency of the MPU thereby.

Electronic¢ equipment in accordance with yet further

aspect of the present invention drives a display section to

display an image, based on still-image data and moving-image

and rthe electronic eguipment comprises: the RAM-

data,

incorporated driver in accordance with an aspect of cthe

present invention; means for setting a still-image area, with

respect to a display area of the display section in which an

image is displayed based on image data stored in a RAM of the

RAM-incorporated driver: means for writing the still-image

data in a storage area of the RaM, the storage area

corresponding to the still-image area; means for setting a

moving-image area with respect to the display area: and means
for writing the moving-image data into a storage area of the

RAM, the storage area corresponding to the moving-image area.
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Since the present invention makes it possible to write

still-image data and moving-image data separately to a RAM

which stores display data for driving the display of a

display section, it is unnecessary to perform the writing to

a- RAM of still-image data and moving-image data after they

have been subjected to mixing, as in the prior art. It is

therefore possible to provide electronic equipment in which
the process of creating display data is greatly simplified,
the processing load on components such as the MPU is greatly

reduced. and high-quality image processing is enabled.

Electronic equipment 1in accerdance with yeéet another

aspect of the present invention drives a display section to

display an image, based on still-image data and moving-image

data. and the electronic equipment comprises: the RAM-

incorporated driver in accordance with an aspect of the

present invention; means for setting a still-image area, with

respect to a display area of the display section in which an

image is displayved based on image data stored in a RAM of che

RAM-incorporated driver; means for writing the still-image

data in a storage area of the RAM, the storage corresponding

to the still-image area;: means for setting an arbitrary

moving-image area with respect to the still-image area: and
means for writing the moving-image dataz into a storage area
of the RAM, the storage area corresponding to the moving-

image area.

The present invention makes it possible to write new

display data seguentially, regardless of the setting state in
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the display section of a still-image area in which a still
image is displaved and a moving-image area in which a moving
image is displayed, by enabling the display of a moving image
in the display section by writing moving-image data as an
overwrite of temporarily written still-image dQata, chus
greatly reducing the amount of complicated display processing

wherein still and moving images are mixed.

Brief Description of the Drawings

Fig- 1 is a schematic block diagram of electronic
eguipment to which the present invention is applied.

Fig. 2 1ds a schematic block diagram of a mobile
telephone that is an example of the electronic equipment of
Fig. 1.

Fig. 3 is a schematic illustrative diagram of an example
of display that differs from the display example of the
liquid cerystal panel shown in Fig. 1.

Fig. 4 1s a schematic block diagram of the X-driver IC
of Fig. 1.

Fig. S8 1is a schematic illustrative diagram of the
display data RAM of Fig. 4, together with peripheral circuits.

Fig. 6 is a circuit diagram of memory cells within the
display data RAM of Fig. S.

Fig. 7 is a waveform chart of a write c¢lock for scill
and moving images and a display read clock.

Fig. 8 1is a block diagram of essential structural

components of an example of a mobile telephone that is

11
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electronic eguipment provided with the X-driver IC of the
first embodiment of the present invention.

Fig. 9 is an illustrative diagram of an example of the
display section of the mobile telephone provided with the X-
driver IC of the first embodiment of the present invention.

Fig. 10 is a flow chart illustrating the first half of
an example of display processing of image information that is
a mixture of still images and moving images, in the mobile
telephone that is electronic equipment in accordance with the
first embodiment of the present invention.

Fig. 11 is a flow chart illustrating the second half of
an example of display processing of image information that is
a mixture of still images and moving images, in the mobile
telephone that is electronic eguipment in accordance with the

first embodiment of the present invention.
Fig. 12 is a schematic block diagram of an X-driver IC

in accordance with the second embodiment of the present

invention.

Fig. 13 is a schematic illustrative diagram of the
relationship between storage areas of the first and second
display data RAM of Fig. 12 and the display areas of the

liguid crystal panel.
Detailed Description of the Embodiments

Embodiments of the present invention are described below

with reference to the accompanying figures.

12




A_—. et LU UL R RS DR LS KL R L O D PO | G 8 RS L LR R R | { i

First Embodiment

A first embodiment of the present invention is described

below with reference to Figs. 1 to 7.

5 Description of electronic eguipment
A schematic block diagram of electronic equipment to
which the present invention is applied is shown in Fig. 1. In
Fig. 1. this electronic equipment is configured of a

microprocessor unit (MPU) 10 and a display unit 20. The

display unit 20 has a matrix panel having electro-optical
elements, such as a color liguid crystal panel 22, a RAM-
incorporated X-driver IC 24 for driving this liguid crystal
panel 22, and a Y-driver IC 26 for scanning.

The matrix panel 22 could be one that uses a 1liquid
crystal having optical characteristics that change on the
application of a voltage, and other electro-optical elements.
The liguid crystal panel 22 could be configured of a simple

matrix panel, by way of example., in which a liguid e¢rystal is

sealed between a first substrate on which is formed a
20 plurality of segment electrodes (first electrodes) and a
second substrate on which is formed a common electrode
(second electrode). The liguid crystal panel 22 could also be

configured of an active matrix panel using three-cerminal

elements or two-terminal elements such as thin-film
25 transistors (TFTs) or thin-film diodes (TFDs). Such an active
matrix panel would also have a plurality of signal electrodes

(first electrodes) driven by the RAM-incorporated X-driver IC

13
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24 and a plurality of scan electrodes (second electrodes)
driven to scan by the Y-driver IC 26.

It is possible to display still images and moving images
simultaneously on the liquid crystal panel 22. In such a case,
areas for a moving-image display area 22A, determined by the
image size of moving-image data stored in the MPU 10, and a
still-image display area (text data display area) 22B.
outside thereof. are set in the liquid crystal panel 22.

Two main types of data are supplied from the MPU 10 to
the display unit 20, as shown in Fig. 1: display
command/still-image data and moving-image data.
Representative examples of display commands include a signal
A0 that indicates the difference between commands and data,
an inverted reset signal XRES, an inverted chip select signal

XCS. an inverted read signal XRD, and an inverted write

: signal XWR. Data signals D7 te DO are 8-bit command data

(including address data for still images and moving images)
or still-image data signals, as distinguished by the logic of
the command/data identification signal AO0. The moving-image
data is 6-bit R, 6. and B signals, and a cloc¢k signal CLX and
horizontal/vertical synchronization signal H.Vsync are also

supplied.

Thus a bus for display command/still-image data and a
bus for moving-image data are separated in this embodiment of
the present invention.

An example shown in Fig. 2 is of the MPU 10 and display

unit 20 of Fig. 1 installed into a mobile telephone 30. The

14
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MPU 10 shown in Fig. 2 has a CPU 12 for controlling the

mobile telephone 30, and a still-image memory 14 and a

digital signal processor (DSP) 16 are connected to this CPU ﬂ}
12. A moving-image memory 18 is also connected to the DSP 16. |
5 A modulation/demodulation circuit 34 is also provided in
the mobile telephone 30, for demodulating signals received

through an antenna 32 and modulating signals to be ol

transmitted by the antenna 32. It is also possible to use the
antenna 32 to transmit and receive moving-image data that has
been encoded in accordance with the layer-IV standard of the

Moving Picture Experts Group (MPEG) .

A digital video camera 36 can also be provided in this

mobile telephone 30. Moving-image data can be fetched through

this digital video camera 3€. The information necessary for

operations such as transmission and reception by the mobile
celephone 30 or image captured by the digital video camera 36

is input through an operation input section 38.

When a moving image is displayed in the moving-image

display area 223 of the 1liquid crystal panel 22, the CPU 12
20 provided in the MPU 10 determines the dimensions of that

moving image from moving-image information. In other words.

it determines a start address SA and an end address EA of the

moving image shoewn in Fig. 1. Note that the moving-image

display area 22A and the still-image display area 22B could

25 be divided vertically by a line, as shown in Fig. 3, in which

case, the start address 8S8A and the end address EA are g

15
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determined from the size of the moving image in a similar
manner.

The moving image displayed in the moving-image display
area 22A is supplied from the antenna 32 oxr the digital video
camera 36 in this embodiment of the invention. Signals input
from the antenna 32 are demodulated through the
medulation/demodulation c¢ircuit 34 and are processed by the
DSP 16. The moving-image processing memory 18 is connected to
the DSP 16; it expands compressed data that is input through
the antenna 32 and the modulation/demodulation circuitrt 34 and
also decodes data that has been encoded in accordance with
the MPEG layer IV standard. Data that is to be transmitted
through the modulation/demodulation c¢ixcuit 34 and the
antenna 32 is compressed by the DSP 16, and also encoded if
it is to be transmitted in a format in accordance with the
ﬁPEG layer IV standard. In this mannex, the DSP 16 can also
have the function of a decoder and encoder for MPEG layer IV
data. by way of example.

Signals from the digital video camera 36 are input to
the DSP 16, and signals that have been input by the antenna
32 or the digital video camera 36 are processed by the DSP 16
into RGB signals and are supplied to the display unit 20.

The CPU 12 outputs to the display unit 20 the commands
and data mnecessary for displaying a still image on the ligquid
crystal panel 22, based on information from the operation

input section 38 and using the still-image memory 14 if

necessary-

16
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It is therefore possible to implement ticket
reservations based on informatieon from the operation input
section 38, wherein moving images are movie information that
is distributed over the Internet and information for
reserving theater tickets is displayed as still images, by
way of example. For that purpose, the CPU 12 also controls
the sending out of still-image information (such as
reservation information) through the modulation/demodulation
circuit 34 and the antenna 32. The CPFU 12 can also control
the sending out of moving-image information captured by the
digital video camera 36 over the modulation/demodulation

circuit 34 and the antenna 32, if necessary.

Description of X-driver IC

A block diagram of the RAM-incorporated X-driver IC 24
is shown in Fig. 4. aAn MPU interface 100, an input-ocutput
buffer 102, and an input buffer 104 are provided as input-
output circuitry for the RAM-incorporated X-driver IC 24 of
Fig. 4.

Signals such as the inverted chip select signal XCS, the
command/data identification signal A0O, the inverted read
signal XRD, the inverted write signal XWR, and the inverted
reset signal XRES are input to the MPU interface 100.

Data such as 8-bit command or still-image data D7 toc DO
is input to the input-output buffer 102. Note that Fig. 4
shows an example in which the signals D7 to DO are input and

output in parallel, but it is also possible to use a serial

17
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input-output configuration in which the first bit is the
jdentification signal A0, followed by the signals D7 to DO,
if it is not necessary to read data to the MPU 10 from a
display data RAM 160 within the X-driver IC 24. This would
make it possible to reduce the number of terminals of the MPU
10 and the X-driver IC 24.

Data such as moving-image data formed of 6-bit R, G, and
B signals and the c¢lock signal CLK is input to the input
buffer 104, by way o¢f example. The clock signal €-bit R, G,
and B signals are input and output in parallel. in
synchronization with the clock signal CLK.

The interior of the X-driver IC 24 is provided with a
first bus line 110 connected to the MPU interface 100 and the
input-output buffer 102 and a second bus line 120 connected
to the input buffer 104.

A bus holder 112 and a command decoder 114 are connected
to the first bus line 110 and another bus holder 122 is
connected to the second bus line 120. Note that a status
setting circuit 116 is connected to the input-output buffer
102 in such a manner that the operating state of the X-driver
IC 24 is output to the MPU 10. This operating state is an
internal state set by the X-drivex IC 24, such as whether or
not the display is in an on state and a given scroll area
within the screen has been set to scroll mode, with the
configuration being such that a given command that has been

input from the MPU 10 is dec¢oded by the command decoder 114

which outputs the result thereof.

18
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An I/0 Dbuffer 162 of the display data RaAM 160 is
connected to both the first and second bus lines 110 and 120.
for the transfer of still-image data and moving-image data
that is read from and written to the display data RAM 160.

In addition tc the aboeve described display data RAM 160
and I/0 buffer 162, c¢ircuits such as an MPU-related control
circuit 130, a column address control circuit 140, a page
address control circuit 150, a driver-related control circuic
170, a PWM decoder circuit 180, and a liquid crystal drive
circuit 190 are provided in the X-driver IC 24.

The MPU-related control circuit 130 controls reading and
writing with respect to the display data RAM 160, based on
commands from the MPU 10 that are input through the command
decoder 114. The c¢olumn address control circuit 140 and the
page address control circuit 150 that are provided are
controlled by this MPU-related contrxel circuit 130. In this
embodiment of the present invention, the column address
control c¢ircuit 140 has a first column address control
circuit 142, which specifies write column addresses for
still-image data and read column addresses for still-image
and moving-image data, and a second cclumn address control
circuit 144, which specifies write column addresses for
moving-image data. The page address control circuit 150 has a
first page address control circuit 152, which specifies write
page addresses for still-image data and read page addresses
for still-image and moving-image data, and a second page

address control circuit 154, which specifies write page

18
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addresses for moving-image data. Note that the
horizontal/vertical synchronization signal H.Vsync is input
from the MPU 10 to the MPU-related c¢ontrol circuit 130,
although this is not shown in Fig. 4. ‘A horizontal
synchronization signal Hsync is used for setting and
resetting counters that are provided within the second column
and page addresses control circuits 144 and 154, to suppress
errors such as display distortion due to erroneous writing
caused by noise or the like during the writing of moving-
image data, as far as possible. The horizontral/vertical
synchronization signal H.Vsync is alse used for returning
each of the c¢olumn and page addressees to the respective
start address SA. The page address c¢ontrol circuit 150
comprises a display address control circuit 156 which
specifies display addresses for each line contreclled by the
driver-related control circuit 170.

The driver-related control circuit 170 comprises an X-
driver-related control circuit 172 and a Y-driver-related
control circuit 174. This driver-related control c¢ircuit 170
generates signals such as a color gradation control pulse GCP,
a polarity inversion signal FR, and a latch pulse LP, to
control the display address control circuit 156, the PWM
decoder circuit 180, a power source control circuiv 178. and
the Y-driver IC 26. independently of the MPU-related control
circuit 130.

The PWM decoder circuit 180 latches data that is read

one line at a time from the display data RAM 160, and ocutputs

20
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a signal of a pulse width corresponding to ¢olor gradation
value in accordance with the polarity inversion period. The
liguid crystal drive circuit 190 shifts the voltage of a
signal from the PWM decoder circuit 180 and supplies it to

each segment electrode SEG of the liguid crystal panel 22 of

Fig. 1.

Description of display data RAM and peripheral circuits

A schematic circuit diagram of the display data RAM 160
and its peripheral circuits is shown in Fig. 5. Fig. 5 shows
fixrst and second column address decoders 142A and 144A, first
and second page address decoders 152A and 154A. and a display
address decoder 156A that are provided in final stages of the
first and second column address control circuits 142 and 144,

the first and second page address control circuits 152 and

154, and the display address control circuit 156,
respectively.
Fig. S also shows memory cells €10, C11,..., €20, C21, ...

of first and second rows. Each memory cell shown in Fig. 5 is
connected teo first te third word lines Wl to W3, a first bit
line pair Bl and /Bl, and a second bit line pair B2 and /B2.
The first column address decoder 142A outputs a signal
that turns on and off a first column switch SWl1 cthat is
connected to the first bit line pair Bl and /Bl. The second
column address decoder 144A outputs a signal that turns on
and off a second column switch SW2 that 1is connected to the

second bit line pair B2 and /B2. The first page address

21
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decoder 152A supplies a signal that makes the first word line
W1 active. the second page address decoder 154A supplies a
signal that makes the second word line W2 active, and the
display address decoder 156A supplies a signal that makes the
third word line W3 active.

Iin comparison with the prior-art technigue, this
embodiment of the present invention is newly provided with
the second word line W2, the second bit line pair B2 and /B2,
the second column switch Sw2, the second column address
decoder 1442, and the second page address decoder 154A.

The second column and page addresses decoders 144A and
154A are used only when specifying column and page addressees
for writing moving-image data (R, G, B), and this moving-
image data (R, G, B) is written to memory cells through the
second bus 1line 120 and the second column switch SwW2 in
accordance with this specification.

The first column and page addresses decoders 142A and
152A specify column and page addresses during the writing of
still-image data and the reading of still-image and moving-
image data. Data is read from or written to the display data
RAM 160 through the first bus line 110 and the first column
switch SW1l in accordance with this address specification.

The display address decoder 156A is designed to read
data from 2ll the memory cells on one line to a display data

output line OUT., by making the third word line W3 active one

line at a time in sequence. This read data is supplied to the

22
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PWM decoder circuit 180 of Fig. 4 and is supplied to the

liquid crystal drive.

Memory cell configuration

A circuit diagram of the memory c¢ell C1l0 within the
display data RAM 160 is shown in Fig. 6. The memory cell C10
has the same configuration as the other memory cells. This
memory cell €10 has a memory element 200 formed of two CMOS
inverters 201 and 202. The two MOS inverters 201 and 202 have
first and second wires 204 and 206 that connect together the
input and output sides thereof, respectively. 2 first n-type
MOS transistor 210 (first switch) is connected between the
first wire 204 and the bit l1line Bl, with the gate thereof
being connected to the first word linme Wi. Similarly a second
n-type MOS transistor 212 (first switch) is connected between
the second wire 206 and the bit 1line /Bl, with the gate
thereof being connected to the first word line WwWil.

The above described configuration ensures that the firstc
and second n-type transistors 210 and 212 are turned on when
the first word 1line Wl goes high in answer to an active
signal from the first page address decoder 152A. This
connects the memory cell C10 to the first pair of bit lines
Bl and /Bl1. If the first column switch SW1 is turned on by an
active sigmal from the first column address decoder 142A
during this time. it becomes possible to read or write data

with respect to the memory cell C10.
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The first and second p-type MOS transistors 220 and 222
are connected between a power line VDD and the display data
ocoutput line OUT. The gate of the first p-type MOS transistor
220 is connected to the second wire 206 and the gate of the
second p-type MOS transistor 222 is connected to the third
word line W3.

Before data is read out of the memory cell Ci0 to the
display data output line OUT, the display data output line
OUT is pre-charged to low. In a state in which the third word
line W3 is low and the second p-type MOS transistor 222 is on,
after this pre-charge operation, the data on the display data
output line OUT is latched into the PWM decoder circuit 180.
During this time, if the potential of the second wire 206 is
high (the potential of the first wire 204 is 1low), the
display data output line OUT remains 1low, but if the
potential of the second wire 206 is low (the potential of the
first wire 204 is high). the display data output line OUT
goes high. This makes it possible to read one line of display
data from the display data RAM 160 simultaneously.

A further feature of this eﬁbodiment of the present
invention lies in the way the second word line W2 and the
second bit line pair B2 and /B2 are connected. To ensure that
connection, a third n-type MOS transistor 230 (second switch)
is connected between the first wire 204 and the bit line B2,
with the gate thereof being connected to the second word line
W2. Similarly, a fourth n-type MOS transistor 232 (second

switch) is connected between the second wire 208 and the bit
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line /B2, with the gate thereof being connected to the second
word line W2.

The above described configuration ensures that the third

and fourth n-type transistors 230 and 232 turn on sco that the

5 memory cell Cl0 is connected to the second pair of bit lines

B2 and /B2, if the second word line W2 goes high in answer to

an active signal from the second page address decoder 154A.

If the second column switch SW2 is turned on by an active

signal from the second column address decoder 144A during

this time, it becomes possible to write moving-image data

with respec¢ct to the memory cell C10.

Writing of still-image and moving-image data to display data

RAM

The MPU 10 has previously obtained the page and column

SR ]

addresses of the display data RAM 160 corresponding to the
~ start and end addresses SA and EA of the moving-image display

area 22aA, from moving-image information. For that reason, it

is possible for the MPU 10 to repeatedly specify column and

20 page addresses for an area corresponding te the moving-image
display area 22A, from areas within the display data RAM 160,
in accordance with a predetermined write frequency. The
column and page addresses of this area corresponding to the
moving-image display area 22A are input to the second column

25 address control circuit 144 and the second page address
control circuit 154 through the input-output buffer 102 and

the MPU-related control circuit 130 of the X-driver IC 24.
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The column and page addresses of the display data RAM 160 are
ultimately specified through the second column address
decoder 1442 and the second page address decoder 154A of Fig.
5. By transferring moving-image data through the input buffer
104 and the second bus line 120, the transfer can be done in
real-time over a path that differs from that ¢f cthe still-
image data over the first bus line 110, so that the moving-
image data can be rewritten in real-time.

The MPU 10 specifies the column address and page address
of an area within the display data RAM 160 corresponding to
the still-image display area 22B. so that data rewrite is
performed at a predetermined write frequency only when there
are changes in the still-image data, such as when information
is input from the coperation input section 38.

In this manner, this configuration of this embodiment of
the present invention implements address specification and
data transfer by separate routes for still images and moving
images written to the display data RAM 160, so that each set
of data can be written to memory cells. It is ctherefore
possible to write a still image and a moving image
simultaneocusly to different memory cells in page units, so
there is no necessity to halt the writing of either type of
data.

Since the configuration is such that either a still
image or a moving image can be written to memory cells, it is
possible to modify the moving-image display area 222 as

desired.
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When a moving image is to be displayed in the moving-
image display area 22A of the liquid crystal panel 22 in this
case, display data is read from the display data RAM 160 in
accordance with a read clock shown in Fig. 7, to enable
display at a rate of 60 Hz, in other words, 60 frames per
second, by way of example.

For still-image data, on the other hand, display data is
written to the display data RAM 160 in accordance with a
still-image write clock that . enables display at a frequency
that 1is higher than that for driving the 1ligquid crystal
display, such as 90 Hz or 90 frames per second. Since this
enables the implementation of rewriting of still images at a
write rate that is faster than the display read rate, it
becomes possible te provide a display that adapts to factors
such as screll display in accordance with the operation of
the operation input section 3B.

In contrast thereto., moving-image data makes use of the
persistence-of-vision effect on human retinas, so there is no
problem even when the number of frames in the moving image is
low (it is not necessary to rewrite the entire 60 frames for
the display). in cases where it is not required to have an
accurate moving-image display, such as on a mobile telephone.
With this embodiment of the present invention, writing can be
done at a freguency that enables the writing of moving-image
data at a rate such as 20 Hz, or 20 frames per second, so it
suffices toc send out 1/3 (20/60 for a frequency of 60 frames)

of the data from the MPU 10 to the X-driver IC 24. If an X-
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driver IC without internal RAM were to be used, it would
always be necessary to rewrite data for 60 frames. but such a
lowering of the write frequency of moving images ({(lowering of
th’e write rate), or the guantity of data to be rewritten,
reduces the number of times that moving-image data is written.
where that would usually necessitate rewriting of the
concents of the display data RAM 160 (unlike with still
images), and thus the power consumed can be reduced by an

amount equivalent te that number of memory cells.

Specific example of electronic equipment in accordance with
this embodiment

The description now turns to electronic eguipment that
is provided with the X-driver IC 24 of the above described
first embodiment of the present invention.

A block diagram in Fig. 8 shows essential structural
components of an example of a mobile telephone that is
electronic eguipment provided with the X-driver IC 24 in
accordance with the first embodiment of the present invention.
Note that circuits in Fig. 8 that have the same functions as
circuits in Fig. 2 are denoted by the same reference numbers
and further description thereof is omitted.

The CPU 12 of the first embodiment is connected to a
memory 250. The memory 250 comprises a program memory, in
which is stored a program to be executed by the CPU 12, and
the still-image memory 14. The CPU 12 transfers still-image

data or moving-image data with respect to the X-driver IC 24,
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for displaying s=till images and moving images on the ligquid
crystal panel 22, in accordance with the program stored in
this program memory. In other words, the CPU 12 transfers
still-image data for the display of still images on the
5 liquid crystal panel 22 with respect to the X-driver IC 24,
and also 1instructs the DSP 16 to create and transfer moving-
image data for the display of moving images on the liguid
crystal panel 22. The c¢onfiguration is therefore such that
still-image data and moving-image data are transferred with

respect to the X-driver IC 24 by different systems.

For that reason. the CPU 12 comprises at least a moving-
image area setting section 252, a moving-image data write
section 254, a still-image area setting section 256, and a
still-image data write section 258.

The moving-image area setting section 252 sets a moving-
image area that is specified by the start address SA and the
end address EA at any position within the display area in

which images are displayed on the ligquid c¢rystal panel 22,

‘ based on display data stored in the display data RAM 160 of

20 the X-driver IC 24. If each pixel in the matrix-form display
area of the liquid crystal panel 22 has been defined by an
address, this moving-image areé can be assumed to be a
rectangular area specified by a diagonal 1line joining the
start address SA and the end address EA.

25 The moving-image data write section 254 performs write

instructions with respect to the DSP 16, for moving-image

data to the moving-image area set by the moving-image area
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setting section 252. The DSP 16 transfers to the X-driver IC
24 the moving-image data stored in the moving-image memory 18
that has been created in order to display moving-image
information in the moving-image area that has been set by the
moving-image area setting section 252 of the CPU 12, and
writes it to the storage area in the display data RAM 160
corresponding to the thus-set moving-image area.

The still-image area setting section 256 sets a still-
image area at any position within the display arxea in which
images are displayed on the liguid crystal panel 22. based on
the display data stored in the display data RAM 160 of the X-
driver IC 24. This still-image area 1is specified by a
different start address SA' and end address EBA', in a similar
manner to the moving-image area. This still-image area could
alse be a rectangular area specified by a diagonal line
joining the start address S2A' and the end address EA', if
each pixel disposed in the matrix-form display area of the
liguid crystal panel 22 has been defined by an address.

The still-image data write section 258 writes still-
image data to the still-image area that has been set by the
still-image area setting section 256. More specifically, the
CPU 12 transfers to the X-driver IC 24 still-image data
stored in the still-image memory 14 that has been created in
order to display still-image information such as text in the
still-image area that has been set by the still-image area

setting section 256, and writes it to the storage area in the
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display data RAM 160 corresponding to the thus-set still-
image area.

Note that the above described functions of the CPU 12
could be implemented completely by hardware or completely by
programming. Alternatively, they could be implemented by both
hardware and programming.

An example shown in Fig. 9 is of a display section of
the mobile telephone that is electronic equipment in which
these functions of the CPU 12 have been implemented.

This illustrates an example in which the user of the
mobile telephone 30 accesses a content server on the Internet,
to diéplay contents that provide movie information.

The user operates keys as the operation input section 38
in order to receive c¢ontents data by accessing a given
contents server over the Internet. This contents data is a
mix of moving images and still images, with corresponding
image sizes comprises within moving-image information and
still-image information, respectively. If there is no
information zrelating to image sizes in the moving-image
information and still-image information, the assumed image
size for the display is assumed to be the entire display area
of the liguid crystal panel 22.

The mobile telephone 30 in accordance with the £first
embodiment of the present invention is configured to detect
image sizes from the moving-image information or still-image
information that is comprised within the received contents

data, then set the corresponding moving-image display area or
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still-image (or text) display area. The example shown in fig.
9 is a case in which the lower portion of the display area of
the liguid crystal panel 22 that is the display section of
the mobile telephone 30 is set to be a still-image display
area 260 and an upper portien thereof is set to be a moving-
image display area 262.

A menu screen enabling the selection of variocus services
provided by the accessed contents server is displayed in the
still-image display area 260. The user receives the provision
of a service corresponding to a selected item, by operating
the keys of the operation input section 38 to cause a cursor
264 to move, thereby selecting a desired item.

Wwith electronic egquipment in accordance with the first
embodiment of the present invention , the configuration is
such that images corresponding to the items of the menu
screen that is displayed in the still-image display area 260

are displayed at given positions of the liguid crystal panel

. 22.

If the user has selected "1. Story", by way of example,
story information of the movie, consisting of text characters,
is fetched from the contents server and is displayed at a
given position on the liquid crystal panel 22. Similarly, if
the user  Thas selected ng. Tickets"”, information for
reservations of theater tickets for that movie is displayed
as a still image in the given still-image area of the liguid
crystal panel 22, and the configuration is such that ticket

reservation can be based on information from the operation
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input section 38. The dimensions and display area of this
still-image display area depend on the still-image
information to be displayed. If the user has selected "5.
preview”, furthermore, preview information on the movie is
fetched as moving-image data from the contents server, and a
moving image is displayed in the moving-image display area
262. The dimensions and display area of this moving-image
display area 262 depend on the moving-image information .to be
displaved.

In addition, electronic equipment in ac¢cordance with the
first embodiment could become a novel publicity advertisement
medium such that, if the user does not select a menu screen
by operating the keys, moving images with the objective of
publicity advertisements from the contents server are
displayed in succession at a given position of the liquid
crystal panel 22.

Such electronic equipment is implemented by the
execution of programs by the CPU 12, as described below.

An example of the processing of a program that displays
contents data that is a mixture of still images and moving
images, as described above, is shown in Figs. 10 and 11.

If CPU 12 fetches menu information comprised within
contents data from the Internet, a menu display area is set
within the display area of the liquid crystal panel 22, based
on still-image information for displaying a menu screen by

the still-image area setting section 256 (step S10).
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Menu data (still-image information) for displaying a

menu screen is then writtem into the storage area of the

display data RAM 160 of the X-driver IC 24 that corresponds
to the thus-set menu display area, by the still-image setting
S area 256 (step S11). In other words, transfer to the X-driver
Tc 24 and write to the display data RAM 160 is controlled by

a given command.

Key input is subsequently received through the operation
input section 38 from the user (step s12).

As a result, if "1. Story" has been selected from among
the selection items of the menu screen by the key input
through the operation input section 38 of the user (Y at step
S13). the contents server is informed that selection item "1V
has been selected and the corresponding contents data (story
information) is fetched. This contents data {(story
. information) is still-image infoermation for displaying
derails of the selected movie story, by way of example.

The still-image area setting section 266 sets a story

display area within the display area of the ligquid crystal

panel 22, based on still-image information for displaying a
text screen that displays the story, which is comprised

within the fetched contents data (story infoermation) (step

si4).
The story information (still-image information) for
25 displaying the selected movie story details is then written
by the still-image data write section 258 to the storage area

of the display data RAM 160 of the X-driver IC 24 that
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corresponds to the thus-set story display area (step S$15). In
other words. transfer teo the X-driver IC 24 and write to the
display data RAM 160 is controlled by a given command.

If "2. Cast introduction® has been selected in step 5$513
from among the selection items of the menu screen by the key
input through the operation input section 38 of the user (N
in step £13 then Y in step S16), on the other hand, the

contents server is informed that selection item "2" has been

selected and the corresponding contents data (cast

introduction information) is fetched. This contents data
(cast introductien information) is still-image information
for displaying details of the cast of the selected movie, by
way of example.

The still-image area setting section 256 sets a cast
introduction display area within the display area of the
ligquid crystal panel 22, based on still-image information for
displaying a text screen that displays the cast introduction,
which is comprised within the fetched ceontents data (cast
introduction information) (step S17).

The cast introduction information (still-image
information) for displaying the selected movie cast
introduction details is then written by the still-image data
write section 258 to the storage area of the display data RAM
160 ‘of the X-driver IC 24 that corresponds to the thus-set
cast introduction display area (step S18). In other words,
transfer to the X-driver IC 24 and write to the display data

RAM 160 is controlled by a given command.
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If "3. Roadshow locations"” has been selected in step S16
from among the selection items of the menu screen by the key
input through the operation input section 38 of the user (N
in step 816 then Y in step S19), the contents server is
informed that selection item "3" has been selected and the
corresponding contents data (roadshow location information)
is fetched. This contents data (roadshow location
information) is still-image information for displaying
details specifying the locations such as the regions and
theaters when the selected movie is being shown, by way of

example.

The still-image area setting section 256 sets a roadshow
location display area within the display area of the liquid
crystal panel 22, based on still-image information for
displaying a text sc¢reen that displays roadshow locatiomns,
which is comprised within the fetched contents data (roadshow
location information) (step S20).

The roadshow location information (still- image
information) for displaying the selected movie roadshow
locations 1is then written by the still-image data write
section 258 to the storage area of the display data RAM 160
of the X-driver IC 24 that corresponds to the thus-set
roadshow location display area (step S21). In other words,
transfer to the X-driver IC 24 and write to the display darta
RAM 160 is controlled by a given command.

If "4. Tickets" has been selected in step S19 from among

the selection items of the menu screen by the key input
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through the operation input section 38 of the user (N in step
s19 then ¥ in step S22), the contents server is informed that
selection item "4%" has been selected and the corresponding
contents data (ticket information) is fetched. This contents
data (ticket information) is still-image information for
displaving a guide for reserving theater tickets for the
selected movie, by way of example.

The still-image area setting section 256 sets a ticket
display area within the display area of the liguid crystal
panel 22, based on still-image information for displaying a
text screen that displays a ticket reservation guide, which
is comprised within the fetched contents data (ticket
information) (step S523).

The ticket information (still-image information) for
displaying the guide for reserving cinema tickets for the
selected movie is then written by the still-image data write
section 258 to the storage area of the display data RAM 160
of the X-driver IC 24 that corresponds to the thus-set ticket
display area (step S24). In other words, transfer to the X-
driver IC 24 and write to the display data RAM 160 is

controlled by a given command.

In this case, if the user reserves tickets in accordance
with the displayed ticket reservation guide, ticket
reservation processing is done, including the distribution of
and payment for tickets that is part of the ticket

reservation process in practice.
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If ng, Preview" has been selected from among the
selection items of the menu screen by the key input through

the operation input section 38 of the user (N in step S22

then Y in step S25), the contents server is informed that
5 selection item "5" has been selected and the c¢orresponding
contents data (preview information) is fetched. This contents
data (preview information) is still-image information for
displaying details about preview for the selected movie. by
way of example.
10 The moving-image area setting section 252 sets an
preview display area within the 1liguid crystal panel 22.
based on moving-image information for displaying details of
preview that is comprised within the fetched contents data
{(preview information) (step S2€).

The preview information (moving-image information) for

displaying preview about the selected movie is then written
by the moving-image data write section 254. to the storage

area of the display data RAM 160 of the X-driver IC 24 that

corresponds to the thus-set preview display area (step S27).

20 In other words, an instruction is issued to the DSP 16 to
transfer the moving-image data to be written to the X-driver
IC 24, and the data is written to the display data RAM 160.

If "5. Preview" is not selected from the selecticon items

of the menu screen by the key input through the operation
25 input section 38 of the user in step S25 (N in step S25),

display processing is performed on moving-image information
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with the objective of publicity advertisement distributed
from the contents server over the Intermnet.

In other words, a commercial (CM) display arxea is set
within the display area of the liguid crystal panel 22 by the
moving-image area setting section 252, from moving-image
information for publicity advertisements that is comprised
wicthin the fetched contents data (step S28). This CM display
area could be an area specified by the moving-image
information for publicity advertisements comprised within the
fetched contents data, or it could be an area specified by
the user.

The fetrched CM information (moving-image information)
for publicity advertisement is then written by the moving-
image data write section 254 to the storage axea in the
display data RAM 160 of the X-driver IC 24 correspeonding to
the thus-set CM display area (step S29). In other words, an
instruction is issued to the DSP 16 to transfer the moving-
image data to be written to the X-driver IC 24, and the data
is written to the display data RAM 160.

If still-image data or moving-image data is written to
the display data RAM 160 in step S15, sl18. sS21, S24, 827. or
S29, the display of the display section comprising the liquid
erystal panel 22 is driven by the X-driver IC 24 and thus
contents rthat are a mixture of still images and moving images
are displayed.

Wwhen the contents service subsequently ends (Y in step

s30, the series of display processing ends. If the contents
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service does not end (N in step S30), the flow xreturns to

step S10 and the menu display.

Second Embodiment

The X-driver IC 24 in accordance with the first
embodiment of the present invention makes it possible to
write still-image data and moving-image data by separate
systems, where the display data RAM 160 is configured of
three-port memory cells, but the present invention is not
limited thereto.

A block diagram of part of an X-driver IC 300 in
accordance with a second embodiment of the present invention
is shown in Fig. 12. Note that circuits imn Fig. 12 that have
the same functions as circuits in Fig. 4 are denoted by the
same reference numbers and further description thereof is
omitted. The circuits omitted from Fig. 12 are the same as
those of Fig. 4.

The first way in which the X-driver IC 300 of Fig. 12
differs from the X-driver IC 24 of Fig. 4 is the provision of
first and second display data RAMs 310 and 320. still-image
data is stored in the first RAM 310 and moving-image data is
stored in the second RAM 320. Note that the first and second
RAM portions 310 and 320 do not need the second word line W2,
the second bit line pair B2 and /B2, the second column switch
SW2, the second column address decoder 144A, and the second
page address decoder 154A of Fig. 6, so memory cells of &g

prior-art configuration can be used therefore.
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The relationships between a still-image storage area
310Aa of the first display data RaM 310, a moving-image
storage area 320A of the second display data RAM 320, and the
moving-image display area 22A and still-image display area
22B of the ligquid crystal panel 22 are shown in Fig. 13.

The first and second display data RAMs 310 and 320 have
storage areas corresponding tc all the pixels of one screen
of the 1liquid crystal panel 22. This makes it possible to
vary the still-image storage area 310A and the moving-image
storage area 320A of Fig. 13.as desired. Note that the memory
spaces of the first and second display data RAMs 310 and 320
and the display space of the 1liguid crystal panel 22 are
drawn to be the same size in Fig. 13, to facilitate
description.

Data is written te the moving-image storage area 320A of
the second display data RAM 320 at a frame rate of 20 frames
per second. by way of example. and data is read therefrom at
a frame rate of 60 frames per second and is displayed on the
moving-image display area 22A of the liguid crystal panel 22.
Conversely. data is written to the still-image storage area
310A of the first display data RAM 310 at a frame rate of 90
frames per second, by way of example, and is data is read
therefrom at a frame rate of 60 frames per second and is
displaved on the still-image display area 22B of the ligquid
crystal panel 22.

Thus the second embodiment differs from the first

embodiment in the provision of the first and second display
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data RAMs 310 and 320. For that reason, the first column

address control c¢ircuit 142, a first I/0 buffer 312, the

first page address control circuit 152, and a first display

address control circuit 330 are provided to correspond to the
5 first display data RAM 310. Similarly, the second coclumn
address contrel circuit 144, a second I/0Q buffer 322, the
second page address control circuit 154, and a second display
address control circuit 340 are provided to correspond toe the
second display data RAM 320.

A selector 350 is also provided to select display data
from the first and second display data RAMs 310 and 320 on
the basis of an output from the MPU-related control circuit
130, for output toc the PWM decoder circuit 180.

Also in this second embodiment of the present invention,
still images and moving images are transferred by separate
systems over the first and second bus lines 110 and 120. Tn
addition, column and page addresses for writing data to the
first and second RAMs 310 and 320 are also specified by

different systems for still images and moving images. For

that reason, it is not necessary to wait for the writing of

moving-image data to finish before writing still-image data,

when still-image data is being rewritten into the first RAM
310 simultaneously with the rewriting of moving-image data

into the second RAM 320.

25 Note that the present inventicen is not limited to the
embodiments described above and thus various modifications

are possible within the scope of the present invention.
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